Ras regulates NFAT3 activity in cardiac myocytes.
Multiple distinct signal transduction pathways have been implicated in the development of cardiac myocyte hypertrophy. These hypertrophic pathways include those regulated by the Ras superfamily of small GTPases and a separate calcineurin-regulated pathway that culminates in the activation of the transcription factor NFAT3. In this report, we demonstrate a functional interaction between Ras-regulated and calcineurin-regulated pathways. In particular, expression in neonatal myocytes of a constitutively active form of Ras (V12ras), but not activating mutants of Rac1, RhoA, or Cdc42, results in an increase in NFAT activity. Similarly, expression of an activated Ras, but not other small GTPases, results in the nuclear translocation of an NFAT3 fusion protein. Expression of a dominant negative ras gene product blocks phenylephrine-stimulated NFAT transcriptional activity and the ligand-stimulated NFAT3 nuclear localization. Ras proteins appear to function upstream of calcineurin, because cyclosporin A blocks the ability of V12ras to stimulate NFAT-dependent transcription and nuclear localization. Similarly, expression of a dominant negative ras gene inhibits phenylephrine-stimulated calcineurin activity. Pharmacological inhibition of MEK1 or expression of a dominant negative form of c-Raf or ERK2 inhibits phenylephrine-stimulated NFAT3 activation. Conversely, NFAT activity was stimulated by expression of constitutively active forms of c-Raf or MEK1. Taken together, these results imply that, in cardiac myocytes, a Ras-regulated pathway involving stimulation of mitogen-activated protein kinase regulates NFAT3 activity.